Abstract. The 2HDM has been one of the most studied extensions of the SM, due to its simple form and wealthy new phenomenology. Most versions are characterized by the mechanism through which the FCNC are controlled. In order to give to the 2HDM the status of an intermediate step in the rank of energies (that is, a low energy limit between the electroweak scale and the characteristic scale of the general theory), a mechanism to relate several versions of the 2HDM is given. This mechanism exploits the flavour symmetry of the Yukawa Lagrangian and the fact that the mass generation comes from a yet unknown property of the vacuum but related with the CKM entries in the case of quarks.
Introduction
In the last years, models that extend the Standard Model (SM) have concentrated much attention. One of motivations for this is the fact that in the next years crucial experimental results, coming from LHC, could demonstrate the existence of physics beyond SM [1, 2] . There are signs that the last SM particle to be discovered, the Higgs boson, could have a mass around 125 GeV [3, 2] consistent with many theoretical predictions of such model [4] , thus unless a big surprise arises, it is expected that the signs of new physics phenomena will be manifest in small deviations from the SM at such scales; in such a case, the models that describe slight deviations are good benchmarks to find theoretical or phenomenological hints that help us understand the whole description of particle physics beyond the electroweak scale. New experimental results will shed light on the nature of the scalar sector, that could be the starting point to understand new physics in terms of a non-SM Higgs sector. There are two strong constraints that bound the model that extend SM Higgs sector: the electroweak ρ parameter (that is ρ exp ∼ 1) and the highly suppressed flavour changing neutral current (FCNC) [5, 6] .
The 2HDM [7] is one of the simplest extensions of SM that includes phenomenology beyond SM. The introduction of an additional doublet generates new physics in the interaction of fermions with scalars, and deviations from the SM phenomenology of gauge bosons due to the presence of five physical scalar fields (h 0 , H 0 , A 0 and H ± ). Nevertheless, some mechanism must be used to explain the experimental constraints that are highly accurate at the electroweak scale. Different versions of the 2HDM have been proposed, and they can be classified by the mechanism through which they suppress the FCNC. A very interesting review of all these versions can be seen in [8] and references therein. Table 1 . Conditions on the Yukawa matrices, in order to reproduce versions of 2HDM. Empty spaces mean that the Yukawa matrices can be different from zero. By convention, the second Higgs doublet couples always with the up-type quarks [8] There are versions of 2HDM with Natural Flavour Conservation (NFC) [9, 10, 11] , that use a Z 2 symmetry imposed on the Higgs doublets in order to eliminate FCNC at tree level, before diagonalizing trough a bi-unitary transformation. On the other hand some models introduce alignment in order to diagonalized simultaneously both Yukawa matrices with the same effect [12] with some withdraws [13] . In the version III [14, 15, 16] no Yukawa matrix can be in general zero, because both doublets contribute to generate the quark masses.
A more general approach can be constructed assuming one mechanism that make the Yukawa matrix elements equal to zero, the suppression of FCNC is reached trough a suitable parametrization of the Yukawa matrix entrances without any additional assumptions on the symmetry of Higgs doublets. This approach is not equivalent to NFC, as it has consequences on the Higgs potential, where the terms that violate CP symmetry are present because, in this case, there is not any symmetry that suppress them. In the table 1 it is shown, under the convention that the second Higgs doublet couples with the up-type quark, how different versions of the 2HDM can be generated by choosing combinations of zero Yukawa matrices. An early interesting and thoroughly analysis about a general parametrization of the 2HDM is given in [17] where a suitable selection of parameters reduce the general parametrization into specific versions.
At this work we introduce a parametrization, that relates through flavour transformations on one Yukawa matrix, one version into another that have the advantage of show how different versions of 2HDM could correspond to a specific wake-basis for the fermions and suggest that all the version could corresponds to the same physical process, the flavour transformation respect the vacuum, which particular version is determined by nature. This parametrization enables us to separate the problem of the mass hierarchy from the flavour violation that comes from the scalar interactions.
Flavour parametrization in the 2HDM
The most general Yukawa lagrangian in the 2HDM for quarks and leptons is given by
It could be possible that the Yukawa matrix elements are directly related with the mass spectrum of fermions because masses define the scale of the interactions. There exist many efforts to express the mixing of fermions in terms of their masses even in the SM (see [18, 19, 20] and references therein), thus we can expect parametrizations in the 2HDM of scalar interactions to 
where θ is the CP violating phase that come from the complex VEV's of the Higgs doublets and f = u, d, is flavour index. The equation (2) can be interpreted as a relation that imposes conditions on the Yukawa matrices, once the general form of the mass matrix is known, in such a way that only one Yukawa matrix is free. The table 1 suggests that it is possible to choose a parametrization that transforms one version into another through an independent flavour transformation of Yukawa matrices. The flavour freedom of the 2HDM Yukawa lagrangian is manifest when the two Yukawa matrices that conform the mass matrix are simultaneously transformed. In the Higgs basis, where only the first doublet has a non-zero VEV, it is clear that, once the mass matrix is known, some assumptions have to be made on, at least, one of the Yukawa matrices to that end. In order to generate the scalar interactions that inherits the hierarchy of the mass matrices we can express in general the Yukawa matrices as a bilinear flavour transformation of the mass matrix, i.e.
where a = 1, 2 and A f aL and A f aR are unitary matrices that mix the flavour of fermions. As have been point out in several places [21, 22] the mass matrix elements are determined by the CKM matrix entrances. Thus here we have translated the problem of finding the Yukawa matrix elements into that of finding the parameters of a bilinear-transformation. In this way we can explore several models that generate scalar interactions with fermions using the structure of flavour transformations. If M f represents a SM mass matrix, we can generate from this, Yukawa matrices that represents couplings with non-standard Higgs doublets. It is possible to show how a particular group of transformations can generate several versions of the 2HDM. Particular cases of (3) as unitary or orthogonal transformations are very attractive because reduces the number of free parameters. So far we analyse the consequences on the lagrangian the election of particular form for A f aL and A f aR in the mentioned particular cases.
Unitary parametrization
For three generations of fermions we can restrict ourselves to unitary transformations and use the SU (3) group to write
where λ j are the Gell-Mann matrices and j = 0, . . . , 8 is a group index. So far we omit the subscript L and R. As said before the expression (2) reduce the number of free parameters reducing the problem of find only one Yukawa matrix, thus without loss of generality, it possible to choose the flavour basis where A 
where the Yukawa matrix has been written as 
, nevertheless it is expected that future experiments gives information on the Yukawa couplings directly, thus multiplying last equation by Gell-Mann matrices and taking the trace, we find that the relation between the phenomenological information with the free parameters can be cast in
This general expression gets simplified when we introduce the assumption of the preservation of textures coming from the mass matrix, in this case only the diagonal Gell-Mann matrices contributes, that is, λ 3 and λ 8 , reducing drastically the free parameters required.
Orthogonal transformations with a 4-zero mass matrix
An interesting particular case is given by an infinitesimal orthogonal transformations with a 4-zero texture mass matrix. The 4-zero texture mass matrix is given by
where we take into account that this parameters are known. To simplify it is possible to extract the phases of non-diagonal elements through
HereM is a symmetric matrix with real and positive nondiagonal elements. If we introduce a infinitesimal orthogonal transformation in order to generate small deviations from the SM scalar interactions, that is
where θ 1 , θ 2 and θ 3 are small Euler angles of the infinitesimal rotation. In this case the Yukawa matrix without phases at leading order in the angles is
(10) We observe that the scalar couplings have only three free parameters and the Yukawa matrix inherits the hierarchy of the mass matrix.
Conclusions
We have shown the flavour parametrizations of the 2HDM where the Yukawa matrices are constructed by a flavour transformations of the mass matrix of the SM. In this formalism the couplings of scalars with fermions are given in terms of the parameters of a bilinear transformation. This parametrization have essentially two advantage: On the one hand generates in a systematic way the non-SM scalar couplings through perturbations of the properties of vacuum that are expressed in the hierarchy of the mass matrix. On the other hand explains the different versions of the 2HDM with only one principle, for instance the alignment between Yukawa matrices and versions similar to those with NFC are described by one parameter per Reasonable assumptions can be used in order to reduce the number of free parameters, for instance the use of unitary transformations that are suitable even for nonhermitian Yukawa matrices. Also the infinitesimal orthogonal matrices are a good benchmark to describe small deviations from the SM. One additional relative advantage is that is preserved the source of CP in the scalar potential that was absent when a discrete symmetry Z 2 were introduced on the Higgs doublets.
